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Fig 1—Main drive propels three rows
of fan blades in main cireuir, Aux-
stiary drive ruus compressor in cir-
cuit that draws boundary-layer bleed
air from test-section walls, reciren-
lates i1,

ower
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span's tunnel

By Clement S. Daly, P.E. The Calspan Corp. {formerly Corncll Aeronan-
tical Laboratory, Inc.) §-ft transonic tunnel produces air speeds to 1000
wiph, but it takes more than 26,000 hp in two main drive systems to do i,
And the tunnel is a zevo-efficiency machine, so it must get rid of the bear

produced by all that power.

When you apply sownd princi-
ples in st‘i{’cti.'ig drive COMIrONenLs,
your instaflaiion will be aronnd for
years. Most of our articles deal wirh
instaliations that bave gone on line
recently, but to emphasize the cu-
durance of well designed systewms,
we bring you Mr. Daly’s siory of
the drives v Calspan’s transouic
tunnel,

The tunnel was upgraded for
bighervelocity tosts in 1956, and
improved furiber in 1965, Calspan
saved old drive components wher-
cver feasible, And designers put a
lot of thoughtful bead-seratrhing
into drive wodifications to heeg
maintenance s from puiling their
bair. Ow this and the following
page, Mr. Daly shows youw throngh
the test facilivy. Ther on page 37,
youll learn the bow anmd why of the
12,250-Bp viwin drive; on page 44,
the 14,250-4p auxiliary drive,

Wind tunnels can cover a wide
range of testing from basic research
to test theory to full-scale airplane
testing. Calspan’s transonic tunnel
{Fig 1) underizkes some basic re-
search, but most testing IS on
scaled-down models of real airerafr,
missiles, and space vehicles. The
variable-densiey, continuous-fiow,
closed-circuit tunnel, 386 ft long
around the cireuit centerling, is one
of the nation’s most productive in
rangonic resting {testing above or
below the speed of sound).

The wnnel can produce  air
speeds from near zero to 1000 mph
Mach 135 at level, Com
pressors and vacuum pumps can
change the ar density in the tunnel
fronr that of 3-1/4 times sea-level
pressure toosimulare high-alimde
flighs,

lert3

The tupnel is pressure vessel of
circular cross section, laid out in a

auxitiary




Fig 2= Nacelle section bouses drives and bearings of three adjustable-piteh
Jan-blade bubs in tunnel’s main section. Three T0-ft-dia bubs eack mownt
16 blades, 60 in. long by 15 in. wide. Tunnel dia is 27-1/2 [t ar necelle
section. Fons can input 12,250 bp, Technician stands beneath downstroam

fairing.

rectangular pattern, and of dizm-
eter varying from 23i-1/2 ft at the
nacelle section (Fig 2) to 31-1/2 fr
at the largest cross section,

A main drive and an awxliary
drive help move the air past the
model. Two main drive motors in
tandem  turn  three rings (hobs),
each mounting 16 variable-pitch fan
blades in the wunnel’s main circuit
(Fig 2}, Blades arc 15 in. wide and
60 in. long. The motoers together
can defiver 12,250 hp continuously,
See pape 37 for details of the main

rive.

The auxilivry drive powers a
pumping system which recirculates
some air from the test secnon, Air

stowed by friction at the tuanel
walls 15 drawn off into a plenum
chamber through perforations in
the test-section wall, An axisl-flow
compressor accelerates the plesum
air  (houndary-fayer  bleed) and
pumps it back Inte the main flow
of the tunncl. Two motors in tan-
dem can dehiver 14,250 hp contin-
uvously to the auxiliary pumping
system, See page 40 for details of
the drive.

No work—A  closed-cirenit  wind
tunnel s essentially & zero-effi-
ciency machine. It civenlates air but
does no vseful work, 1t converts the
total encrgy input (clectricald into

heat and the heat must be dissi-
pated at the input rate to prevent
uncontrolled temperature rise in
the wunnel.

The tunnel’s cooling  system
holds the temperature rise of the
circulating air to no more than 40
F. The system pumps 8000 gpm of
water through 80 radiators in the
widest point of the wunnel and
through two additional banks of
radiators in the auxiliary system,

From the radiators, the system
pumps the heated water to the top
of a 40-fr-high cooling tower, where
it drips over a latticework of red-
wood slats. An alternative cooling
arrangement  has  water  spraying
into the air through nozzles in three
forced-air cooling towers. Evapora-
tion cools the water by 18 to 20 F.

The cooling system draws 80 to
100 gpm of makeup water to re-
place losses. The largest loss comes
from cvaporation.

Support equipment for the wind
tunnel . includes four
vacuum pumps, three 100-hp vae-
uum pumps and four 150-hp low-
pressure air compressors for air-
density conrrol; a 1600-hp, 3000-
psi air compressor for charging the
air-storage system; air storage, dry-
ing, and distribution systems, and a
large power-distribution system, All
equipment is operated from a main
consele in the wind-tunnel control
room, where remote sensing instru-
ments display total iInformation
from the test section and support-
ing wind-tunnel equipment,

The test section, where the
model mounts in the air stream, can
be scaled from the main tusael by
closing gates and applying air-
mflated collapsible seals. This iso-
lates  the test section 1o allow
model changes without affecting air
density in the tunnel,

Until 1936, the wind tunnel
handled only subsonic-flow tests,
Then, Calspan modernived it for
transonic  testing.  Power  input
{overioad rating) nearly doubled for
the main drive system, and the
auxiiary  pumping  sysiem was
added. The fellowing pages show
how Calspan came up with the
present drives.

150-hp-




The present main-drive system
includes two motors 1a tandem, a
floating-shaft coupling, a long drive
shaft with bearings, and a disengag-
ing shear-pin coupling. The main
drive powers all three fan hubs,

Before modernization, the sys-
tem contained a 2-motor drive with
a capacity of 10,250 hp. It powered
two hubs with 16 blades cach, The
large motor was 3 wound-rotor in-
duction moror that developed full
power at 5370 rpm. The replacement
drive consists of a synchronous
motor and a d.c. motor (Fig 3}, The
&00-rpm synchronous motor’s rat-
ings are

® 11,000 hp for continuous run-
ning

® 13,250 hp for 2 hr
@ 18,000 hp for 10 min

Qurside air force-cools the motor.

The shafy of a 0-650 pm d.c.
motor connects to the synchronous
motor’s shaft by means of a rigid
coupling, The d.c. motor’s ratings
are

® 1250 hp for contimsous running
& 1450 hp for 2 hr
€& 1850 hp for 10 min

The force-cooling system  that
serves the synchronous motor cools
the d.c. motor, too.

Because wind-tunnel tests are
net continuous but may require
peak power for only shert durs-
tions, the motors run often at
overtoad (limited-time)  ratings,
both to start the main drive from
standsoll and to obunin maximum
air flow with both motors driving,

P.e. motor—The d.c. motor's uses
include

& bringing the main drive to speed

Fig 3-Technmician inspects commutaior of 1250-bp d.c. wain-drive starting
motor. It brings 11,000-bp symebronous moter af vight) to speed. Motors
in tandem could supply 19,850 bg for a 10-min iest. D.c.-motor power

conies from Ward-Leonard control,

& precisely scwting the phase and
frequency to  synchronize  the
synchronous motor 2t 688 rpm

@ contributing itz full share of the
power to the main drive shaft in
tandem  with  the synchronous
motor

¢ providing regencrative Dbraking
when the main drive stops

To start the main drive, the
operator sets fan-blade piteh (blade
angle) to flat pitch {minimum acro-
dynamic drag). This blade sctting
calls for the least power ro turn the
hubs. However, rtotztion at flat
pitch takes some power because of
the turbulence set up by the twist
in the blades, Thar power depends
on tunnel air densizy,

The rotational inertia (WK?2) of
the fan system, shafring, couplings,
and motors is 1,063,000 ib-f12, and
the tme to bring the main drive to
600 rpm is about 6 min for 2 160%
load on the doe. motor,

The de. moter is part of a
Ward-Leonard motor-penerator con-
ol systen with clectronic control
and tachometer feedback, The neg
set consists of a 2600-hp svnchre
nous motor driving an 1100kw doe,
generator. The generator had served

as a 1375-hp d.c. drive moror on a
World War 1T submarine. Main drive
starting and synchronizing is under
fully sutomatic control.

Synchronous  moter—~The 4800
velt, 3-phase, 60-Hz synchronous
motor {Fig 4} conneets in tandem
to the d.c. motor and supplics $0%
of the main drive’s power after
synchronization at 600 rpm, Cal-
span sclected a synchronous moter
rather than an inducdon motor or
wound-rotor motor beeause fan-

Fig d-Mainidrive synchronous
motor dismantied. Tapered shoft
(right}) on I2-pole roror accepts one
ik of floating-sbaft coupling to
tunnel shajt, Synchronous motor
mteans tunnel air flow rate depends
enly o blade pirch.
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Fig §—Roth ends of 30 ft shaft are
tapered for mounting the coupling
bubs. Reworking to add wmore boly
holes was done with shaft in place.

blade pitch precisely controls wind
vetocity if the blades run ar con-
stant speed.

Also, start-up power in the d.c.
motor is adequate. Thus, the large
drive motor (the synchronous
motor) dees not have to deliver
power until the main drive reaches
full speed. The fan system is fully
utifized with a synchronous moetor
for a prime mover instezd of an
induction motor. Why? Because
shaft power increases with overload
with no speed drop until it reaches
the motor’s pullout point. More-
over, shaft and coupling ratings are
in terms of hp/100 rpm. The higher
the speed, the higher the power
rating. Thus, in an extreme over-
load, the safety factor of shafv and
couplings is greater for a synchro-
nous motor at 600 rpm than for an
induction motor at, say, 540 rpm,

Ho whiplash~A seringent require-
ment of the synchronous motor
control:  The motor must be
synchromzed at the lowest possible
step-input  torgue to  the shafr
Why? To prevent high stress in the
necks of the fan blades. Fullspeed
elapsed time and the number of
starts and stops limic blade life,

The synchro-verificr senses the
incoming hine voltage and the volt-
age of the syachrenous motor act-
ing as a generator. The syuchro-
verifier contacts will elose when the
two voltages are cgual, in phase,
and of the same frequency {within
Himits), If there is 2 beat frequency
across the ppen cireuit brezker that
CONNCCES  Motor 1o the
synchro-verifior contacts will not
close, Then phase angles are within

Hne,

*3 degrees for 4 sce, the contacts

close and the motor’s  cireuit
breaker closes automatically,
Moter mounts—The main  drive

motors mount on a concrete base
reaching to the second {loor of the
power area bwiding, on the tunnel
centerline but ousside the tunne
(Fig 1}. The center core of the
concrete base acts as a duct for
forced-air cooling to both motors.

The synchronous motor is to-
tally enclosed. Ducts direct its hot-
air output to the roof. The duc.
moter {Fig 3) is open at the come
mutator end and its hot-air output
helps in room-temperature control.

Floater—The main drive is fixed on
its base, but the wunnel changes
position because of variations in
temperature and pressure. The drive
has its ewn Kingsbury-type thrust
bearing, and cach of the three hubs
has & self-aligning spherical roller
thrust hearing, 18.9-in. OD by 4.3
in. wide, of high load-carrving ca-
pacity. Therefore, any axizl change
in location must be accounted for
between the drive and the runnel.
The maln drive connects to the
tunnel by a special floating-shait
coupling.

The gear-type, dynamically bal-
anced, floating-shaft coupling allows
for fan-shaft expansion. It can
transmit 24,500 hp at 600 rpm,
with 2-1/4-in. axial movement and
1-in. radial misalignment. No thrust
transmits  through the shaft in
either direction.

Main driveshafi—~A 30-ft-long hol-
low steel shaft protrudes just out
side the wind-tunnel sheil on the
nain-drive end and extends to the
first stage of fan blades. The shaft is
16-in-0O03 pipe with 2 solid forging
weided o each end, The forgings
are machined for bearing supperts,
Each forging is twapered along is
auter 10 in. with & double key slot
for mounting coupling hubs {(Fig 5).

These  procedures  assure
quate shait balunce:

aede-

@ During fabricstion the pipe was

corrected  for  roundness  and

U o
hil‘ili};“ﬁﬂt,ﬁ?}.

© End forgings were machined ail
over after welding.

& The pipe was starically balanced
with weights at both ends.

& After installarion, pipe was dy-
namically balanced at 600 rpm by
weight adjustment at the center of
gravity, One swel weight 1-1/4 in,
wide by 1-1/4 in. high by 23-1/2 in.
tong was enough,

The bearing mounts for this
1985-th shafr arc abour 27 v apart.
The bearing at the tuanel wall is a
sleeve bearing, scaled and babbite-
coated, with a dual lubrication
system. One lube system operates
when tunnel air density 18 below
atmospheric (vacuum}; the other,
ahove.

The bearing at the opposite ¢nd
of the shaft {inside the tunnel, near
the first stage of fan blades) is 2
seif-aligning spherical roller bearing,
189in. OD by 5.1-n. wide. It
positions the shafr axially. Thrust
load on this bearing is low. The
method of fan suspension called for
seif-aligning bearings. (See “Hubs,”
below.)

During wwnned modernization in
1956, Calspan evaluated the origi-
nally installed shafr and found it 10
be capable of more than 20,000 hp
at GO0 rpm if the rapered ends were
medified for the new couplings,
{Sce “Couplings,” below.) Rework-
ing consisted mostly of adding
more bolts in the forging ends,
where a pressure plate applies foree
to the coupling hub. Reworking
was done with the shaft in place.

Couvplings—Joining the 30-t hollow
shaft and the first stage of fan
blades presented 2 rough desivn
problem because

@ Fach hub must be mechanically
separable, so that it can wrn by
hand for  maintenance  (usually,
blade replacement).

& The first coupling must transmiz
total power from the main drive.

& A failsafe device must locate




between main drive and fan Sysrem s e O R B
for personnet safery and cquipment -
protection,

%

A further  complication: The
coupling must Le assembled in
place, with alf parts passing through
2 12-in. gap between shaft eads. It
would be a major task to remove
one or both adiucent shafts.

The solution: A gearaype flex-
ihic coupling (Fig 6} that meets
these specifications. 3 !

o

RS e Y o R G

Gt

# quick disengagement

@ ceupling rating, 25,000 hp at
600 rpm, continuous duty

@ shear-pin rating, 22,000 hp (dis-
engagement by shear pin)

{
;

@ dynamic bzlance according 1o i

MIL STD 167 .

5 L
The coupling is exactly the same - é .
dimensional stze as the original ; o
coupling, but nitralloy steel with £
higher hardness (Re 60) and full- : p
depth gear teeth that inercase con- [ 4
i T Sk L |

tact arca allow a rating increase
from 16,000 1o 25,000 hp, Fig 6 ~Gear-type, disenyaging flexibic couplivy that con

The quick disengagement lets 2 shaft 1o [ stage. All pavets (upper photo) pass throwyh a 12-in gap for
technician turn the blades by hand assembly, Altornarive would bave been wiovtirg shafts cur of way. Fowr
for inspection, He removes two  shear plas {apper phota, lower right} bave toral rrting of 22,000 bp.

HeCEs fannel deive

Fig 7—Arvangement of jan biade bub and support in firs stage. Fach stage bas ideutical bearing and

coupling system. Turnbuckles align systens, Photo sbows o bub wnder consiruction,
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locking pins, then hydraulically
jacks the outer casing to disengage
the splines. it takes about 3 min-
utes. The action is independent of
the shear pins,

Hubs—The three identical fan blade
hubs each have 2 disengaging coup-
ling (Fig 7). A hub consists of a
shaft pressed into a varying-width
disc, the outer periphery of which
is 10 ft in diamerer with 16 {las
machined for fan-blade mounting.

The leading end of the shaft is
supported by a selfaligning roller
bearing; the wailing end, by & sim-
itar  bearing and a sclf-aligning
spherical rofler thrust bearing, The
bearings mount in spiders which are
supported in the wnnel on twrp-
buckles and tic rods. The turn-
buckles align all three stapes. The
nacelle, a metal shroud, encloses
the whole mechanism, so only the
fan blades are exposed to the air
stream. The nacelle ‘fastens to the
tummel shell by means of steol strurs
inside fairings.

Lubricacion and  monitoring—A
temperature controlled, forced-feed
system  measures {with pints-per-
min  accuracy) oil flow o each
bearing for lubrication and cooling.

Nozzles spray ol inte the bear
ings and gear pumps scavenge oil
from the bearing cavities. No oil i
allowed to remain around a bearing,
because bearing rollers could canse
a pumping action, producing extra
heat. Gil from a constant-pressure
manifold flows to cach bearing
through a metering valve, Auto-
matic contiols assure constant pres-
sure and flow rate.

A thermocouple spring-loaded to
the outer bearing race near the
roller contact provides remperaiure
indication and  overtemperature
protection; so does a thermocouple
that measures oil temperature leav-
ing between the bearing races. (il
flow switches, pressure switches,
and temperature and pressure FAECS
make up the fothe
protective cquipment, Permanently
maeunted vibration plck-ups on cach
bearing monitor vibration contin-
vously throughout the system.

remainder  of

Auxitiary drive

The auxiliary pumping  drive
system consists of two motors in
tandemn, couplings, speed mncreaser,
and axial-flow COmpressor,

Motors—The drive motor require-
ments:

& adjustable speed, because flow
rate relates directly to compressor
speed

® high power from $0% o 100%
speed

& precise speed control for a given
speed

® 2 starting motor with low start-
ing torque

® a method of rapid decelerzrion
to save time in each shurdown
(There  are several in an 8-hr
period.)

We  chose a2 Ward-Leonard-
controfled  de. starting  motor
cottpled directly 10 a wound-rotor
motor.

Before wunnel modification in
1956, there was no auxiliary pump-
ing systemn. When Calspan chose a
new  system for the main  drive
(page 37 ), it relocated the original
main drive and made it the auxil
jary pumping drive. In 1965, Cal
span instalfed a larger woundrotor
maotor on the auxiliary drive.

The starting motor is a 1250-hp,
0-65G-rpm, d.c. motor, sowered by
i 1000-kw  de. generator, A
1450-hp synchronous motor runs
the generator.

The d.c. system is capable of g
25% overload for 30 min. With
clectronic control and tachometer
feedback, speed regularion s
Y1/4% from haif speed to fuil
speed, Regenerative braking is in-
herentin this type of Ward-Feonard
control.

A rigid coupling diveetly con-
nects the doe. motor to a 570-rpm,
48080 -volt, 3-phase, 60717 wound-
rotor motor {Iig &),
Wound-rotor motor ratings are

mduction

@ 13,000 hp for continuous run-
ning
& 16,000 hp for 30 min

Liquid ohms—A liquid rheostat,
connected across the rings of the
wound-rotor motor and controiled
by the current in the d.c. toop,
pravides speed coniral from 50% ro
FOU% speed. A liquid rheostat is an
adjustable resistor with an electro-
lytic solution as the resistor ele-
ment.

In designing the wound-rotor
motor, Calspar had to consider
carclully the demand of high power
in the overload range at reduced
spreds. The designed the secondary
(rotory resistance for continuous
service and 30-min scevice so that it
dissipates the heat from operation
at reduced speed, from frequent
acceleration, and from aeceleration
with a large inertial load. Queside
atr force-cools the wound-rotor
motor and the d.c. motor,

The liquid rheostar must have
characteristics compatible with the
overlord rating of the wound-rotor
maotor. A set of immersed fixed and
movable clectrodes conducts car-
rent through the solution, A pilot
maotor changes the distance be-
tween electrodes to adjust resis-
rance. Thus, a liquid rheostar in the
sccondary circuit of 2 wound-rotor
motor can adpst drive speed by
adjusting the distance between clec-
tredes. The adjustment cantrols the
external resistance and, thus, the
secondary current,

The electrical cnergy which must
be absorbed in the moror’s secon-
dary circuit during 50% to 100%
speed appears 2s heat in the liguid
rheostat, A Hquid-to-liquid heat ex-
changer removes the hear,

Liquid-rheostat specifications
call for a rating 10% zbove the
30-min rating of the motor, 3300
amp per phase, and a dissipation
rate of not less than 7000 hp
continuouslyv. Iig 9 and 10 show
the hyuid rheostat and its clectrode
drive and control system.

Vig 9 looks down into the liquid
rheostat with the clectrolytic solu-
tion out., The perforaved discs are
the movable clectrodes in plastic
cells, All eleetrodes connect 1o the




shorting bar, and rhe clectrode-
drive system moves the bar verti-
cally. A counterweight connects to
the shorting bar by means of roller
chain draped over sprockets keved
te an idier shaft mounted in ball-
bearing pitlow blocks. The counter-
weight keeps the electrode-drive
motor power requirement low and
uniform,

The 1/72-hp, 115~volt, d.c. motor
powers the elecirodes through a
speed-reducer and chain-drive sys-
tem with a toral speed reduction
ratio of 3001,

A G-circuit rorating limit switch
mounts on the lefr of the platform
{Fig 9); to irs right, 2 rheostat for
electrode position indicadon and
feedback control. A 1:1-ratio chain
drive conneers rheostat input shafr
and counterweight idler  shaft.
D.c-motor power comes from the
load-sharing system described under
"Driving the compressor.”
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Fig 9 Liquid ricastat from above
Idler shafi  suppores  elecivodes,
shorting bar, counterweighy,
transunitling
systent (lefthelectrode drive (righe).
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Fig 8~{Right to lefti: Awxiliary drive starting motor; wound-rotor
mduction motor; wound-rotor brushes and ship rings {under expanded-
metal guard); motor-bearing pedestal (with bearing temperature detector
tn rectangular box); under cover at vight, speed-increaser coupling; in
foreground, lube pump driven off speed-incveaser bigh-speed shaft,
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Fig 10 Liquid vheostat miwst be able to bapdle 10% sove power than the
Hhmin vating af the moior, end @ dissipation vete of sot less they 7000 bp
conttnnousty. Liguid-ro-liguid beat exchanger bebind rheostar resioves the
beat diveetly  from the electrolyte. See Fig 9 Jor electrode drive
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This month’s cover shows our
author, Clement S, Daly, checking
the shp-ring assembly of a 1450-bp
syrchrongus moter that drives the
de. generator  that  drives  the
1250-bp  auxiliary-drive  starting
motor, Big drives bave been Az,
Daly’s business for a long time. e
bas been with Calspan Corporation,
Buffalo, since 1947,

Calspan Corp. is an independent
research and developiens organiza-
tion that perforins science and engi-
necring  programs for government
and industry. Its fields: Aerosci-
ences, electronics, avionics, com-
puter sciences, transportation and
vebicle research, and the environ-
mental sciences.

My Daly is Head, Equipment
and Pabrication Branch. He super-
vises design, fabrication, HEU-C G-
mtent selection, instatlation, opera-
tion, maintenance, and wupgrading
of electrical, bydraulic, and we-
chanical eguipment for severst res
facilities~facilities  like the 8§t
trawsomic tunnel he discusses here,
plus a propeller dynamometer, a
wave superheater, a one-sguare-foot
wind tunnel, several shack tunpels,
and an atmespheric-simulation fa-
cility.

And these and other facilities
made him responsible for support
systems  ifncluding & 50,000-kva
transformer and switchgear yard, a
30,000-psi,  1-1/2-millivn-cufr gas
sterage and  distribution  system,
and vaciun systews and CrYogenic
systemns. His tasks cover cooling and
beating systems, and ges filtering,
recovery, and drying systems.

Recently, khe was involved in
developing  concepts for an a.c.-
thivdrail supply system for a mass-
transit guideway tese faciity at Cal-
span, and a test faciity for wuo,
truck, and bus tives.

Mr. Daly is a swember of sew
Calspan commtitiees concorned with
safety and pevsonnel management,
a member of the Institute wf Fee-
trical  awd  Electronies Engipeers,
and a wegistered engineer in the
state of New York,
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Driving the compressor—The out-
put shaft of the drive system con-
nects to g speed mcreaser through a
east-steel flexible coupling rated at
3120 hp per 100 rpm. The single-
stage herringbone increaser (Fig 11)
has a  speedeincrease  ratio  of
4.218:1.

The speed increaser connects to
the axial-flow compressor by means
of a forged-steel flexible coupling
rated at 960 hp per 100 rpm. The
compressor i3 an  8-stage, fixed-
blade machine. With speed adjust-
ment, it can deliver up to 600,000
eftr and a range of pressure ratios
o 350:1 at inler pressures from
1.9 to 147 psia. The compressor
housing #s 2 seciion of the air duct,
and the motors and speed increaser
are cuiside the duct, A carbon face
seal is provided where the com-
pressor shaft extends through the
housing, Three carbon segments in-
wilock to form 2 ring. The ring
heusing i spring-loaded for face
seal pressure, and sealed by O-rings.

To start the auxiliary drive, the
d.e. motor accelerates the come
presser to about 143 speed. Then a
current-sensitive refay in the doc.
circuit closes the circuit breaker for

the 13.000-hp wound-rotor motor.
With hoth motors on line, an auto-
muatic load transfor takes place, and
the wound-rotor motor picks up
the greater share of the load.

As drive speed continues toward
570 rpmy, the wound-rotor meotor
and the die. starting motor share
load automatically  and, ar full
speed, both machines carry full-
rated or overload-rated load.

Here's how auromatic lead trans-
fer workss

As svstem Joad varies, the d.e,
motor immediately senses a speed
change. As the doe. motor tries to
hold constant speed, its current
changes. A d.c-currenrsensitive in-
strurment  senses the change and
sends a signal to the liguid rheostar,
calling for an electrode position
change.  The clectrode  position
change affects woundrotor current
and, thercfore, wouadrotormartor
load-carrying capacity, such that
the foad-sharing ratio is correer,

~To-stop the drive, the wound-
rotor motor disconnects immediate-
ly from the line, snd the die. motor
provides regenerative braking.
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Fig Tl Ausiliaryedrive speed incroasor before fustaflation i drive line.

Luput shaft is in foregronnd, COMIPressor in Dok Incroaser ratig is 12,006

bp with input and vutput speeds of 5

Fhand 240F rpm, rospectively.
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The auxiliary system needs no
special couplings in the drive be-
cause moters, speed increaser, and
COMPressor mount on a conunen
concrete base. Offser and angular
mistlignment are slight. The com-
pressor connects to the large air
duct with 8-ft-diameter CXpansion
rings. Compressor air inlet tempera-
wire varies between 80 and 120 F,
and  exhaust  temperature  ap-
proaches 375 T, For those tests
that don’t need the axiad-Mlow com-
pressor, an 8-ft rubberscaled but-
terfly valve upstream and a similar
61t valve downstream seal it out of
the main air civeuir.

Once zround—The total power in-
put to  Calspan’s 8-ft, variable-
density transonic tunnel can be well
above 30,000 hp when vou count
support sysiems along  with air-
moving systerns, For an installation
of this size, many problems can
arise. The designer must catch them
in the design stige. Substitution,
modification, and rework are toc
large and costly 1o serve as erutches
for a weak design,

The designer must make 1 thor
ough study of the performance
expected, the svstem'’s maintain-
ability, and the hife requirements,
That approzch has assured Cal
span’s transonic tunnel of success-
ful performance of everything ex-
pected of it for many years.

Swppliers: Main-drive wmiotors by
Atelivrs de Constructions Electri-
ques de Chavleror, Belgiem. Awxil-
fary drive wmotors and Hguid vhoo-
stat by General Electrie Co., Seben-
CIROLOYGUHCTAOY

ectady. Main-d
control g motor, Westinghowpse
Hlectric Corp., Pittshurgh, Mg set
de. generator by General Eleetric
Co. Schenvctady., Fan-bub  self-
aligning vadiel and thrust bearings
by SKE Industries, Philadelpbia
Maiy-deive floating-shaft coupling,
and  auxiliary-drive  marorto

fnereaser  and  Bereaser-fo-com
presser couplivgs by Koppers Co
tne., Power Transwdission Dept,
Baltiswore, Hub quicl disconnect
coupling by Western Gear Corp,
Belnrant, Celif, Spead ivercaser by
Furiel o Dhe, USM Lerp., Gear

Do, Ansona, Cos,




